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(57) ABSTRACT

A communication station for contactless communication
with suitably formed data carriers has an antenna configu-
ration which has at least one antenna with at least one pole
and at least one antenna with at least one essentially closed
loop, and where the antenna with at least one pole 1s loosely
clectromagnetically coupled with the antenna with at least
one essentially closed loop.
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COMMUNICATION STATION COMPRISING
A CONFIGURATION OF LOOSELY
COUPLED ANTENNAS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a communication station for
contactless communication with suitably designed data
carriers, which communication station has an antenna
conilguration, in which the antenna configuration has at least
one antenna with at least one pole and also at least one
antenna with at least one essentially closed loop.

2. Related Arts

In connection with a communication station as described
above reference can be made to patent document U.S. Pat.
No. 5,572,226 A. This patent document states that i a
communication station one dipole antenna or two dipole
antennas and also one loop antenna can be provided. Here
the antennas are provided and arranged with fields essen-
fially independent of each other and the antennas can be
operated 1n temporal succession 1n multiplex mode {for
detection purposes 1n order to find the most effective antenna
in cach case and in this way achieve the best possible
communication in subsequent communication mode. In the
known solution however in such a communication mode
between the communication station and a data carrier con-
nected to the communication station, always only one
antenna 1s active so that the communication quality 1s
dependent on the structure and relative position of the
antenna with which the communication 1s performed.
Because of this circumstance 1t may occur that the most
cifective antenna 1s selected and put 1nto operation for
communication mode, but because of given communication
conditions, only an unsatistactory or insufliciently satisfac-
tory communication quality 1s achieved.

SUMMARY OF THE INVENTION

It 1s an object of the invention to avoid the above

problems and achieve an improved communication station
in relation to the state of the art.

To achieve the above object 1n a communication station
according to the invention the features according to the
invention are provided so that a communication station
according to the mvention can be characterized as follows,
namely:

A communication station for contactless communication
with suitably formed data carriers, which communication
station has an antenna configuration, in which the antenna
configuration has at least one antenna with at least one pole
and 1n which the antenna configuration has at least one
antenna with at least one essentially closed loop and 1n
which an antenna with at least one loop 1s loosely coupled
clectromagnetically to an antenna with at least one pole.

By provision of the features according to the invention it
1s achieved that between an antenna with at least one loop
and an antenna with at least one pole such an electromag-
netic coupling predominates that firstly no unacceptably
hiech and disruptive influence exists between these two
antennas and the electrical circuits co-operating with these
antennas and produced independently of each other, but that
also because of the loose electromagnetic coupling a posi-
tive influence 1s exerted by the one of the two said antennas
on the other of the two said antennas, with the result that
viewed overall 1n relation to the state of the art in which no
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loose electromagnetic coupling exists between at least two
antennas of an antenna conflguration 1n communication
mode because only one antenna 1s always active, clearly
improved communication behavior 1s achieved. In a com-
munication station according to the invention in which a
carrier signal 1s used for communication—as has been
known 1n 1tself for some time—advantageously only a
relatively low carrier signal power 1s required, which 1s
particularly favorable since no problems can occur with
official disruptive radiation regulations as a result. Further-
more the advantage 1s achieved that because of the improved
communication conditions, smaller communication coils
can be used 1n the data carriers provided for communication
with a communication station, which 1s advantageous with
regard to miniaturization of such data carriers. In particular
the measures according to the invention have proved advan-
tageous 1f an antenna with at least one pole 1s used mainly
as the transmitter antenna and an antenna with at least one
loop, which 1s loosely coupled electromagnetically with the

one-pole antenna, 1s used as the receiver antenna.

In a communication station according to the invention a
loose electromagnetic coupling 1s possible 1n a relatively
large coupling range, for example 1n a range between 0.01%
and 50% to 60%. It has, however, proved advantageous if
the electromagnetic loose coupling corresponds to a cou-
pling factor k which 1s 1n a range between k=0.01% and
k=30%. It has proved particularly advantageous here if the
loose electromagnetic coupling corresponds to a coupling
factor k which lies 1n the range from k=0.1% to k=5.0%.
Under these conditions particularly good results were
achieved 1n test studies.

In a communication station according to the invention, the
antenna with at least one pole can be formed by a dipole
antenna. It has, however, proved particularly advantageous
if the antenna with at least one pole 1s formed by a monopole
antenna. This 1s particularly advantageous because with the
monopole antenna particularly favorable field patterns can
be achieved 1n relation to the co-operaction with contactless
communication data carriers.

In a communication station with a monopole antenna, the
monopole antenna can be formed essentially L-shaped. It
has however proved particularly advantageous if the mono-
pole antenna 1s formed essentially U-shaped and has two leg
sections and a web section connecting the two leg sections.
Such a design, known 1n specialist circles as a rod antenna
with roof capacitance, has proved particularly advantageous
in view of particularly good communication properties,
because with such a design a field pattern comparable to a
curtain can be achieved, which guarantees reliable commu-
nication with data carriers moving through this curtain-like
field pattern.

In a communication station with a U-shaped monopole
antenna, the antenna with at least one essentially closed loop
can be loosely electromagnetically coupled with the web
section alone or with the web section and a leg section. It has
however proved advantageous if the antenna with at least
one essentially closed loop 1s loosely electromagnetically
coupled with a leg section of the U-shaped monopole
antenna. This 1s particularly advantageous 1n view of an
exceptionally simple construction and m view of good
reception properties for essentially vertically oriented data
carriers, which occur often 1n practice for example when
data carriers are carried by persons on their bodies.

The aspects described above and further aspects of the
invention arise from the examples of embodiment described
below and are explained using these examples of embodi-
ment.




US 6,753,820 B2

3
BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be further described with reference to

five examples of embodiment shown in the drawings, to
which however the 1nvention 1s not restricted.

FIG. 1 shows diagrammatically and partly in the form of
a block circuit diagram a communication station according
to a first example of embodiment of the invention.

FIG. 2 shows 1n a similar manner to FIG. 1 a communi-

cation station according to a second example of embodiment
of the invention.

FIG. 3 shows 1 a similar manner to FIGS. 1 and 2 a
communication station according to a third example of
embodiment of the invention.

FIG. 4 shows 1n a similar manner to FIGS. 1, 2 and 3 a
communication station according to a fourth example of
embodiment of the invention.

FIG. 5 shows 1n a stmilar manner to FIGS. 1, 2, 3 and 4

a communication station according to a fifth example of
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a communication station 1. The communi-
cation station 1 1s provided and designed for contactless
communication with suitably formed data carriers. Two such
data carriers DT1 and DT2 are shown diagrammatically 1n
FIG. 1 1n a dotted line. The two data carriers DT1 and DT2
can for example be data carriers, each of which is carried by
a moving person or each of which 1s connected with a
product carried by a person or a transport device, where then
the data carriers DT1 and DT2 are provided for identifica-
tion and where 1dentification of the moved data carriers DT1
and DT2 1s possible by means of communication station 1.
Data carriers DT1 and D12 are in the cases briefly described
above moved away over the ground 2 shown diagrammati-
cally in FIG. 1 which ground 2 constitutes electric earth.
Earth may, however, also be constituted by a conveyor belt
for lugeage or a pillar of a chair lift or by any other
clectrically conductive body of relatively large surface.

The communication station 1 contains a transmitter/
receiver circuit 3 which essentially contains a signal pro-
cessing circult 4 and a transmitter amplifier 5 and a receiver
amplifier 6. The signal processing circuit 4 1s provided and
designed to generate and process signals to be transmitted by
communication station 1 and process signals received by
communication station 1. In this context it should be stated
that the signal processing circuit 4 contains a carrier signal
generator 1n known manner to generate a carrier signal. In
the case of data transmission, the carrier signal 1s subjected
to modulation via suitable means of signal processing circuit
4 1n accordance with the data to be sent so that a modulated
carrier signal 1s generated and supplied to the transmitter
amplifier 5. In the case of data reception, the unmodulated
carrier signal 1s supplied to the transmitter amplifier 5 where
then the unmodulated carrier signal 1s emitted, which emiut-
ted unmodulated carrier signal, 1n the presence of a data
carrier, 1s subject to modulation by means of the data carrier
for example a load modulation where then a modulated
carrier signal 1s produced with side band signal components,
of which 1n the present case an upper side band signal
component 1s utilized 1n which are contained the data to be
received. Subsequently the modulated carrier signal and the
side band signal components are supplied to the receiver
amplifier 6 and subsequently the upper side band signal
components filtered out and processed 1n the signal process-
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ing circuit 4. In the present case the unmodulated carrier
signal has a frequency of 13.56 MHz. The upper side band
signal component 1n this case has a frequency of around 14
MHz, namely 13.98 MHz because it 1s an upper side band.
However a lower side band could also be utilized for data
transfer purposes.

To emit and receive signals the communication station 1
has an antenna configuration 7. The antenna configuration 7
in the communication station according to FIG. 1 has a
single-pole antenna 8 and 1n the present case mainly utilizes
an eclectrical field for communication purposes, which 1s
normally known as a monopole antenna 8. The monopole
antenna 8 1s here formed essentially U-shaped and has two
leg sections 9 and 10 and a web section 11 connecting the
two leg sections 9 and 10. In the area of the first leg section
Y the monopole antenna 8 1s supplied via first adaptation
means 12 connected to the transmitter amplifier 5. The first
adaptation means 12 are provided to adapt the impedance.
The first adaptation means 12 are tuned to a working
frequency of 13.56 MHz 1.e. the frequency of the carrier
signal which can be generated by the signal processing
circuit 4.

The antenna configuration 7 also contains an antenna 13
having 1n this case only one loop, normally known as a loop
antenna. The loop antenna 13 1s loosely electromagnetically
coupled with the first leg section 9 of the monopole antenna
8. Here the loop antenna 13 has two loop sections 14 and 15
running essentially parallel with the first leg section 9 and
two loop sections 16 and 17 running essentially transverse to
the first leg section 9. In the area of the fourth loop section
17 the signals received via the loop antenna 13 are collected,
where second adaptation means 18 are connected to the
fourth loop section 17 and to which the receiver amplifier 6
1s connected. The second adaptation means 18 are also
provided to adapt the impedance. The second adaptation
means 18 are tuned to a frequency of around 14 MHz 1.e. to
the above-mentioned side band signal component which
contains the data to be received.

In the communication station 1 according to FIG. 1 the
clectromagnetically loose coupling between the monopole
antenna 8 and the loop antenna 13 1s implemented so that the
clectromagnetically loose coupling corresponds to a cou-
pling factor k with a nominal value of around 1.0% which
in practice corresponds to a coupling factor k 1n a range
between k=0.1% and k=5.0% because of tolerances.

With regard to the monopole antenna 8 of communication
station 1 according to FIG. 1 1t should also be stated that in
a practical implementation this monopole antenna 8 has a
height of three (3) meters and a width of ten (10) meters.
This means that the monopole antenna 8 can cover a very
large surface area.

In the communication station 1 according to FIG. 1 the
monopole antenna 8 1s provided mainly for transmission
purposes but indirectly it also fulfils a receiving function
which will be discussed below. The loop antenna 13 1s 1n this
case 1mtended only for receiving purposes.

If the data carrier DT1 1s 1 the position shown 1n FIG. 1
or according to this position moves vertically to the drawing
plane, then data are sent from the communication station 1
to the data carrier DT1 by means of the monopole antenna
8, 1n contrast to which data are sent from the data carrier
DT1 to the communication station 1 and consequently data
are received by the communication station 1 by means of the
loop antenna 13 mainly utilizing a magnetic field for com-
munication purposes, because there 1s a direct communica-
tion connection between the data carrier DT1 and the loop
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antenna 13, by which connection the monopole antenna 8
fulfils practically no additional receiving function. If,
however, the data carrier D12 1s 1n the position shown 1n
FIG. 1 or moves according to this position vertically to the
drawing plane, data are sent from the communication station
1 to the data carrier D12 1n precisely the same way as
described above for data carrier DT1, but the data are sent
from data carrier DT2 to the communication station 1 not
directly via the loop antenna 13 but 1n such a way that the
data carrier DT2 co-operates directly with the monopole
antenna 8 and then, because of the loose coupling between
the monopole antenna 8 and the loop antenna 13, an over-
coupling of the received signal takes place from the mono-
pole antenna 8 to the loop antenna 13, so that 1n this case too
the loop antenna 8 utilizing mainly an electromagnetic field
for communication purposes serves to decouple the signal
received with the monopole antenna 8. The reception power
of the communication station 1 1s clearly increased by the
presence of the loop antenna 13.

Because no maximum strength coupling exists between
the monopole antenna 8 and the loop antenna 13, but
deliberately a loose electromagnetic coupling 1s provided,
the advantage 1s obtained that the supporting effect of the
loop antenna 13 in reception mode 1s utilized
advantageously, but in this reception mode the monopole
antenna 8—active here for emitting the unmodulated carrier
signal—transfers to the loop antenna 13—active as a
receiver antenna—only so little of the unmodulated carrier
signal that in the received part of the signal processing
circuit 4 of communication station 1 no undesirably high
signal amplitude of the unmodulated carrier signal 1s caused.

In the communication station 1 according to FIG. 2
essentially the same structure exists as in the communication
station 1 according to FIG. 1. A difference however exists in
that namely 1n the communication station 1 according to
FIG. 2 the loop antenna 13 1s formed as an eight. This design
has the advantage that the reception properties in relation to
data carriers aligned parallel to the ground 2 or shightly
angled to the ground 2 are particularly good.

The further communication station 1 shown in FIG. 3 has
a similar structure to the communication stations 1 accord-
ing to FIGS. 1 and 2 with the difference that the antenna
configuration 7 has, as an antenna with at least one pole
which mainly utilizes an electric field for communication
purposes, a dipole antenna 19 which 1s formed essentially
U-shaped and which has a first leg section 20 and second leg
section 21, which two leg sections 20 and 21 are connected
via a web section 22, where 1n the web section 22 are
provided adapter means 23 designed suitable for the dipole
antenna 19.

In the communication station 1 according to FIG. 4 the
antenna configuration 7—Ilike the communication station 1
in F1IG. 1—has a monopole antenna 8 and a loop antenna 13.
In the communication station 1 according to FIG. 4 also a
second loop antenna 24 1s provided to which 1s connected
third adaptation means 25. The second loop antenna 24 1is
here provided for transmission purposes. The monopole
antenna 8 provided as a transmitter antenna and the second
loop antenna 24 also provided as a transmitter antenna are
supplied via the transmission amplifier 5, after which 1n this
case 1s connected a splitter 26 to which 1n turn are connected
the first adaptation means 12 and the third adaptation means

25.

In the communication station 1 according to FIG. 4 not
only are the monopole antenna 8 and the loop antenna 13
clectromagnetically loosely coupled but the monopole
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6

antenna 8 and the second loop antenna 24 are also electro-
magnetically loosely coupled. Furthermore the first loop
antenna 13 and the second loop antenna 24 are also elec-
tromagnetically loosely coupled, which achieves that the
upper transverse part of the second loop antenna 24 1s
arranged running essentially adjacent to the center area of
the first loop antenna 8. The second loop antenna 24 can also
be formed as an eight, which 1s favorable for achieving an
clectromagnetically loose coupling with the first loop
antenna 8.

The splitter 26 can also contain phase-shift means with
which a phase shift can be achieved between the currents
supplied to the monopole antenna 8 and the second loop
antenna 24, which 1s advantageous because 1n this way,
constantly changing field distributions are obtained as a
function of time, which guarantee reliable communication
with data carriers irrespective of the spatial orientation or
position of the data carriers.

™

The communication station 1 according to FIG. 4 offers
the advantage that 1n a simple manner 1t i1s possible to
achieve a multiplicity of field patterns and distributions and
here structure the achievable field distributions advanta-
geously.

In the communication station 1 according to FIG. 5 the
transmitter/recerver circuit 3 contains, 1n addition to the
signal processing circuit 4 and transmitter amplifier 5 and
receiver amplifier 6, a second transmitter amplifier 27 and a
second receiver amplifier 28. Connected to the first trans-
mitter amplifier § are again the first adaptation means 12 to
which 1s connected the monopole antenna 8. Connected to
the second transmitter amplifier 27 are further adaptation
means 29 to which 1s connected a second monopole antenna
30 which has two leg sections 31 and 32 and a web section
33. The loop antenna 13 i1s again loosely coupled with the
first monopole antenna 8, where connected to the loop
antenna 13 are the second adaptation means 18, after which
1s connected the first receiver amplifier 6. In this case a
second loop antenna 34 1s electromagnetically loosely
coupled to the second monopole antenna 30. The second
loop antenna 34 1s connected to further adaptation means 35
to which 1s connected the second recerver amplifier 28. The
communication station 1 according to FIG. § offers the
advantage that the two monopole antennas 8 and 30 can be
supplied differently with regard to the phase positions of the
signals supplied to them, for example anti-phase but also
with phase positions different from 180°, whereby as a
function of time, constantly changing field conditions are
achieved, which allows communication irrespective of the
relative position of a data carrier to the antenna configura-
tion 7, and whereby with a phase shift of 180° advanta-
ogeously a distant field cancellation 1s achieved.

It should be stated that in a communication station 1
according to the invention an antenna configuration 7 can be
provided 1 which 1s provided at least one antenna with at
least one pole for reception purposes and at least one antenna
with at least one essentially closed loop for transmission
PUIpOSES.

It should also be stated that also a higher number of
antennas loosely coupled electromagnetically can be pro-
vided 1n a communication station 1 according to the mven-
fion than 1s the case 1 the communication stations 1
according to the examples of example of embodiment

described above 1n FIGS. 1 to 5.

With reference to the choice of coupling factor k 1t 1s
stated again that in the structure of communication stations
1 according to FIGS. 1 to 5 the coupling factor k 1s selected
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relatively small if primarily the data signals are to be
received via the loop antenna, and, 1n contrast, the coupling
factor k 1s selected relatively high 1f the antenna 8 or 19 with
at least one pole 1s to make a greater contribution to the
reception of data signals.

What 1s claimed 1s:

1. A communication station for contactless communica-
tion with suitably formed data carriers comprising: an
antenna configuration including at least one antenna with at
least one pole and at least one leg section, and at least one
antenna with at least one essentially closed loop, wherein a
first loop section of the closed loop runs essentially parallel
with the leg section and a second loop section of the closed
loop runs essentially transverse to the leg section, and
wherein the at least one antenna with at least one loop 1s
loosely coupled electromagnetically with the leg section of
the at least one antenna with at least one pole wherein the
clectromagnetically loose coupling between the leg section
and the antenna with at least one essentially closed loop
corresponds to a coupling factor k 1n a range between
k=0.01% and k=30%.

2. The communication station as claimed in claim 1 1n
which the electromagnetically loose coupling between the
leg section and the antenna with at least one essentially
closed loop corresponds to a coupling factor k in a range
between k=0.1% and k=5.0%.

3. The communication station as claimed in claim 1 1n
which the antenna with at least one pole i1s formed by a
monopole antenna.

4. The communication station as claimed in claim 3, 1n
which the monopole antenna 1s formed essentially U-shaped
and has two leg sections and a web section connecting the
two leg sections.

S. The communication station as claimed in claim 4, i1n
which the antenna with at least one essentially closed loop
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1s electromagnetically loosely coupled with a leg section of
the monopole antenna.

6. The communication station as claimed m claim 1,
wherein the antenna with at least one essentially closed loop
includes a first loop and a second loop formed essentially as
a figure eight.

7. The communication station as claimed in claim 6,
wherein the first loop 1s electromagnetically loosely coupled
with the second loop.

8. A communication station for contactless communica-
fion with suitably formed data carriers comprising: an
antenna configuration including a U-shaped monopole
antenna with at least one leg section, and a loop antenna with
at least one essentially closed loop, wherein a first loop
section of the closed loop runs essentially parallel with the
leg section and a second loop section runs essentially
transverse to the leg section, and wherein the loop antenna
1s loosely coupled electromagnetically with the leg section
of the monopole antenna wherein the electromagnetically
loose coupling between the leg section and the antenna with
at least one essentially closed loop corresponds to a coupling,
factor k 1in a range between k=0.01% and k=30%.

9. The communication station as claimed i claim 8,
wherein the electromagnetically loose coupling between the
leg section and the loop antenna corresponds to a coupling
factor k 1n a range between k=0.1% and k=5.0%.

10. The communication station as claimed 1n claim 8,
wherelin the loop antenna includes a first loop and a second
loop formed essentially as a figure eight.

11. The communication station as claimed 1n claim 10,
wherein the first loop 1s electromagnetically loosely coupled
with the second loop.
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